This paper reports the investigation and analysis of the status and dynamic changes of ecological environment quality in the main stream of Songhua river basin. The evaluation index system was established and the eco-environment quality in the year of 2000 and 2008 was studied in depth. Based on our research, the trend of dynamic changes of the eco-environment quality and its origins have been further discussed: In the year of 2000, the range of evaluation index covered from 0.31 to 0.47. Harbin and Yichun was relatively better than the rest of study areas. In the year of 2008, except districts of Daqing and Qitaihe, the environmental quality of Songhua river basin has entirely improved, wherein the evaluation index of the eco-environment covered from 0.31 to 0.57. Particularly, the eco-environment quality of Hegang and Shuangyashan has obtained significant improvement, whereas the improvement of Jiamusi was not obvious. According to the evaluation results, the environmental quality in the study area has an upward trend with the average growth rate 0.13% per year.
INTRODUCTION
Changes of the ecological environment have the great effect on the ecological security (Hewitt ; Yao et al. ; Johnson & Kasischke ; Zhou et al. ) . Dynamic environmental monitoring and analysis of the environmental changes in specific areas have received great attention and would become hot spot issues in the concerning research fields (Gao et al. ; Wu & Li ; Zhou et al. ; Wu & Guo ) . The main stream basin of Songhua river is located in the north region of Northeast China. It constitutes a well developed water system and the frozen period lasts for five months. Dynamic environmental monitoring of Songhua river basin will definitely achieve important social and economic benefits for this region.
In this study, based on multi-source remote sensing data and thematic data, ecological factors are dynamically monitored and will be further analyzed in both quantitative and qualitative manner. As a result, dynamic changes of the eco-environment quality in the main stream of Songhua river basin can be studied in depth and consequently, the trend of dynamic changes of the eco-environment quality and its origins will be concluded. The aim of our research is to provide both a scientific basis and theoretical support for ecological environmental protection, wherein the research results would particularly provide effective reference for watershed sustainable development management.
STUDY AREA
The main stream of the Songhua river basin, which covers an area about 186,400 km 2 falling in Tongjiang district of Heilongjiang province, was considered as the case study area. The study area is located in Northeast China and lies between 45 W 53 0 and 47 W 67 0 north of the Equator and between 127 W 07 0 and 132 W 50 0 east of the Prime Meridian.
This area has a typical north temperate monsoon climate and experiences three well defined seasons: (1) Its winters is brutally cold and at times windy from November to February (2) Summer is very warm and rainy from June to September, and (3) Both spring and especially fall constitute short transition seasons. The annual precipitation, at nearly 500 mm (19.7 in), is heavily concentrated from June to September. Precipitation in the flood season is accounting for 60-80% of annual precipitation, while in winter is only accounting for 5%. In order to achieve a objective ecoenvironment assessment, the administrative region used in our study can be arranged as vector planar units, which include the following seven districts, i.e. Harbin, Daqing, Yichun, Jiamusi, Hegang, Shuangyashan and Qitaihe.
METHODOLOGY Evaluation model
There are many models for the ecological environment evaluation. In this paper, comprehensive index method is used as the evaluation model. The environmental quality index I j and environmental quality comprehensive index IE can be described as follows.
where I j is environmental quality index of the jth indicator, I i is the normalized value of evaluation index and W i is the related weighting factor, n is the number of evaluation indicators.
where IE is environmental quality comprehensive index in evaluation unit. W j is the weighting factor of the jth indicator, m is the number of evaluation indicators.
The normalized values of environmental quality index can be divided into two categories, i.e. positively related normalized value and negatively related normalized value. If the evaluation indices exert positive effects on environmental quality, the indices are called positively related. The positive related normalized value can be calculated as
where X i is the actual value of evaluation indicator, X min , X max respectively denote the minimal and maximal value in the identical evaluation index. Similarly, if the evaluation indices exert negative effects on environmental quality, these indices are the so-called negatively related indices and its normalized value can be calculated as
For the sake of convenience, the evaluation results can be initially divided into five class i.e. grade I-V. To obtain more accurate evaluation result, II, III and V are further divided into grade II1, II2, III1, III2 and IV1, IV2, which are represented in Table 1 .
Hierarchical structure of indicator system and allocation of weights
A well established assessment index system serves as the basis for successful environmental quality evaluation. The selected factors in an assessment index system should exactly reflect the characteristics of the entire ecological environment in the study area. In the meanwhile, the availability of the actual research materials of is also an important factor, which should be considered.
Based on the available multi-source remote sensing data (Byrne et al. ; Mertes et al. ; Argialas & Tzotzos ; Yan & Huang ), thematic data, temperature and precipitation data, the interesting ecological factors, e.g. land utilization, land cover, degree of vegetation cover and climatic change can be extracted. With the help of GIS (Geographic Information System) and societal statistical data, the current situation of ecological environment of Songhua river basin could be successfully monitored and the ecological environmental changes can be further analyzed. With combination of the climatic, social and economical data and the ecological environment background data of the Songhua river basin, a characteristic database for comprehensive assessment of ecological environment is established. 
RESULTS AND DISCUSSION
The eco-environment evaluation results in the year of 2000 and 2008 are showed in Tables 3 and 4 respectively. Based on it, the classification of eco-environment quality in the study districts can be seen in Figure 1 . Table 3 gives the range of evaluation index that covers from 0.3057 to 0.4697 in the year of 2000. There exist only two grades, i.e. III and V, and grade V are accounting for 71.43% among all of the districts in the study area. It is obviously that the eco-environmental status of most districts in the main stream of Songhua river was quite poor. Harbin and Yichun possessed relatively better ecoenvironmental quality than other districts. Actually, the districts, which had poor eco-environmental quality, are mostly located around mining area of Northeast China. Particularly, these districts in coal mining area were always suffered from the trouble of mine waste discharge and ground subsidence. In the meanwhile, the water quality in this area was the worst in the entire basin and water resource in this area was not adequate. From Table 3 , it can be also seen that the vegetation cover in these districts was low and the comprehensive management as well as environmental pollution control was located in a quite low level.
In the year of 2008, the eco-environment quality has significant improvement compared with the situations in the year of 2000, which can be seen in Table 4 . It is showed that the quality status was rating from II2 grade to V grade. However, Figure 1 also represents that Qitaihe and Daqing is still in the worst level. 
CONCLUSIONS
In order to reflect the trend of changes of eco-environmental quality more intuitively and accurately, the index dynamic degree is used to describe the rate of dynamic changes on the environmental quality within the study region. Index dynamic degree describes the changes of the ecoenvironment quality evaluation index value in a certain period of time. It can be calculated as:
where Z ia is the eco-environmental quality evaluation index at the beginning of study time and Z ib is the index at the end of study time. T denotes the related time interval. The associated indices of eco-environment quality in the study area in the year of 2000 and 2008 are listed in the Table 5 below.
According to the evaluation results, it is argued that the environmental quality in the study area have an upward trend. The average growth rate is 0.13%/a. From Figure 2 , it is obviously that the related quality classification indices of Hegang and Shuangyashan, which used to be in grade V, have undergone a significant improvement. Both districts have the nature of a mine geological environment with serious mine waste emissions and ground subsidence in coal mining area. To deal with such environmental problems, large-scale integrated sustainable countermeasures were adopted, which achieved well ecological economy benefits. It is also obvious that there has been a sustained growth in vegetation cover and environmental protection investments in both districts. Although there has been rapid growth of urbanization and population in this area, leading to significant increase of waste emissions, yet the scientific program of treatment and disposal of waste, as well as more stringent and effective regulatory regime, have well controlled the environmental pollution and further, have significantly improved the eco-environmental quality. In contrast Qitaihe has almost no improvement between 2000 and 2008 and Daqing has even declined in eco-environment quality over these years. Index of eco-environment in Daqing and Qitaihe rose mainly from the socio-economic and land resources subsystems, wherein GDP per capita and forest cover have increased. However, water quality in these areas has taken a turn for the worse. Moreover, it shows that the environmental protection was not harmonized with the economic development. Particularly, the industrial wastewater and urban sewage treatment in these areas have continued at a lower level, involving weak environmental monitoring and environmental regulatory capacity. Although, Jiamusi has made lots of efforts to improve the eco-environmental quality, it is much more sensitive on the agricultural non-point source pollution, for Jiamusi has national significance as a commodity grain production base with great arable land area and high rate of fertilizer application.
